ABSTRACT
Introduction
Randomized controlled trials have provided evidence that intensive blood glucose control and tight blood pressure control delay the onset and prevent the progression of microvascular complications in patients with type 1 and type 2 diabetes mellitus [1] [2] [3] . Specifically, longterm poorly controlled blood glucose levels and systemic hypertension have been implicated in major microvascular complications such as retinopathy and nephropathy, with concordance of the two relatively common [4, 5] .
However, Agardh et al. [6] reported that 35% of their diabetic patients with proliferative retinopathy did not have nephropathy and suggested that the underlying etiology of diabetic microvascular complications differs between retinopathy and nephropathy. Chavers et al. [7] reported that several cases of advanced diabetic retinopathy had normal urinary albumin excretion, low-level microalbuminuria, and normal glomerular structure measures. Kanauchi et al. [8] reported that 4.1% of patients with type 2 diabetes with advanced diabetic neph-ropathy did not have concomitant retinopathy to demonstrate a discordant association between retinopathy and nephropathy. These reports indicate inconsistency in the severity of diabetic microvascular complications, but the underlying mechanism for the discordant association between the 2 complications has not been defined. Most previous reports on the association between retinopathy and nephropathy examined patients with type 1 diabetes mellitus, and few studies have examined a large series of patients with type 2 diabetes mellitus. It, therefore, would be useful to study patients with type 2 diabetes mellitus presenting with discordance between retinopathy and nephropathy to improve our understanding of the risk factors of diabetic microvascular complications. We examined a large series of patients with type 2 diabetes mellitus and defined the clinical features of those with proliferative retinopathy without nephropathy. Diabetic retinopathy was assessed by ophthalmologists and graded according to the International Clinical Classification of Diabetic Retinopathy [9] into 4 stages: no diabetic retinopathy, mild or moderate non-proliferative diabetic retinopathy, severe non-proliferative diabetic retinopathy, and proliferative diabetic retinopathy. Severity of diabetic nephropathy was classified according to the Japan Diabetes Society Guidelines [10] as follows: stage 1, albumin-to-creatinine ratio (ACR) < 30 mg/g creatinine; stage II, ACR ≧ 30 mg/g and < 300 mg/g creatinine (i.e., microalbuminuria); stage IIIA, ACR ≧300 mg/g creatinine and/or persistent proteinuria with creatinine clearance ≧ 60 ml/min; and Stage IIIB to Stage V, creatinine clearance < 60 ml/min. First, retinopathy grade was compared with nephropathy stage to determine if there was a correlation in the stage of progression between retinopathy and nephropathy. Secondly, cases with proliferative diabetic retinopathy were grouped as follows according to their stage of nephropathy: stage I nephropathy, P1; stage II nephropathy, P2; stage IIIA nephropathy, P3; and stage IIIB nephropathy or higher, P4. A statistical analysis of the 4 groups was performed for variables that included age, diabetes duration, BMI, systolic blood pressure, HbA1c, and gender ratio.
Materials and Methods
All data are expressed as mean value ± S.D. The relationship between any two variables was analyzed by standard correlation analysis using the software StatView, version 5.0 (SAS, Inc., Cary, NC, USA). Analyses of variance were applied for group comparisons, followed by Student't-test for confirmation of statistical associations. The relationship between nephropathy stage in proliferative retinopathy and other relevant covariates was determined by multiple regression analysis and a proportional odds model. Correlation in the stage of progression between retinopathy and nephropathy was tested by regression analysis. Statistical significance was assumed at P values < 0.05.
This study project was approved by the Research Ethics Committee, Yokohama City University (#6-7). Informed consent was obtained from each study patient.
Results
Comparison of the stage of progression of retinopathy with that of nephropathy showed that cases without retinopathy mostly had nephropathy stage 1 (no overt kidney disease) (67.4%); those with mild or moderate non-proliferative diabetic retinopathy mostly had nephropathy stage 1 (no overt kidney disease) or stage 2 (microalbuminuria) (71.8%); and those with proliferative diabetic retinopathy had nephropathy stage IIIB or higher and had decreased creatinine clearance (32.3%) ( Figure  1) . Statistical analysis showed a significant correlation in the progression between retinopathy and nephropathy (p < 0.001).
However, 52 of the 1324 subjects in the series (3.9%) had proliferative diabetic retinopathy without nephropathy (stage I); these 52 cases accounted for 25.7% of the 202 cases with proliferative diabetic retinopathy. Table 1 shows clinical information on the four stages of nephropathy, consisting of group P1 (52 cases), P2 (45 cases), P3 (43 cases), and P4 (62 cases). Multiple analyses using a proportional odds model with age, diabetes duration, BMI, systemic blood pressure, HbA1c levels, and gender are shown in Table 2 . The data reveal that group P1, with proliferative diabetic retinopathy but without nephropathy, had a significantly lower systolic blood pressure than the other three groups, p < 0.001 (group P1: 134.7 ± 17.1 mm Hg; P2: 138.5 ± 21.6 mm Hg; P3: 143.9 ± 20.4 mm Hg; P4: 153.7 ± 25.9 mm Hg). With regard to gender (Table 2), the P1 group had a significant female preponderance, p<0.05 (group P1: male 20/female 32; group P2: male 22/female 23; group P3: male 24 /female 19; group P4: male 39 /female 23.). Other variables, including age, diabetic duration, BMI, and HbA1c levels, did not differ among the four groups.
Discussion
Concordance is usually present between retinal and renal microvascular complications in patients with diabetes mellitus [4, 5] . This was supported by results of the present study showing a consistent progression of diabetic retinopathy and nephropathy in many of the study patients. However, it was remarkable that 3.9% of all study patients and 25.7% of those with proliferative diabetic retinopathy had proliferative diabetic retinopathy but not nephropathy and that the cases with proliferative retinopathy without overt nephropathy were characterized by a significantly lower systolic blood pressure and female preponderance.
Several studies reported discordance as well as concordance between diabetic retinopathy and nephropathy. Agardh et al. [6] performed a retrospective study of 100 patients with insulin-dependent diabetes mellitus to examine the association between retinopathy and nephropathy and found that a high proportion (35%) of patients with proliferative retinopathy did not have detectable signs of nephropathy and that nephropathy did not develop during an observation period of up to 9 years among these patients. Their data suggested that factors underlying the development of diabetic retinal and renal microangiopathy might be of different origins pathogenetically. Chavers et al. [7] investigated the relationship between retinal structural lesions and quantitative measures of glomerular structure in 86 patients with insulin-dependent diabetes mellitus and found a marked discordance between retinopathy and nephropathy, as illustrated by patients with normal urinary excretion or low-level microalbuminuria, normal glomerular structural measures, and advanced retinopathy. On the other hand, Kanauchi et al. [8] studied 5 out of 122 patients with advanced nephropathy but without retinopathy, summarizing clinical, therapeutic, biochemical and histological data linked to the nephropathy. The divergence between this advanced nephropathy and the concomitant lack of retinopathy led these authors to hypothesize that there are important differences in some aspects of the pathogenesis of retinopathy and nephropathy. Sussa et al. [11] noted that all 5 cases with advanced nephropathy but without retinopathy described by Kanauchi et al. [8] were smokers and suggested that the discordance between the complications is due to environmental factors. Recently, Wolf et al. [12] examined 323 patients with type 1 diabetes mellitus and 1906 patients with type 2 diabetes mellitus and found that many patients with type 2 diabetes with renal abnormalities showed, in contrast to those with type 1 diabetes, no signs of retinopathy and recommended renal biopsy in these patients. Thus, several investigations have indicated the existence of discordance in the development and progression between diabetic retinopathy and nephropathy, but the underlying factors in the absence of association remain undefined. Data in the present study provide new information that female diabetic patients are more likely to present with proliferative diabetic retinopathy without nephropathy. This is in contrast with the widely prevalent view that there is no significant gender preponderance in the development and progression of diabetic retinopathy [13] [14] [15] . Mendesohn et al. [16] suggested protective effects of estrogen on cardiovascular diseases. Gender differences in the development and progression of advanced diabetic retinopathy without associated renal disease, as observed in the present study, might be attributed to hormonal influences in females. Diabetic retinopathy has been shown to progress during pregnancy [17] [18] [19] . Diabetic retinopathy has been aggravated due to sex hormone administration, followed by return to baseline after its cessation [20] . Further studies are justified to evaluate the influence of blood coagulation and sex hormones in relation to gender with regard to progression of diabetic retinopathy as well as diabetic duration and blood glucose control to understand the mechanism of progression of diabetic retinopathy.
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